A photoresponse at THz frequencies of a quantum point contact fabricated on a CdTe/CdMgTe quantum well was studied at low temperatures as a function of magnetic eld. The spectra show a structure which was interpreted as resulting from the cyclotron resonance and magnetoplasmon excitations. The wavelength of the fundamental magnetoplasmon mode was found to be about 2 µm which coincides with one of dimensions of the point contact. We also discuss the possibility of coupling of magnetoplasmon modes to shallow impurity transitions in the quantum well.
Introduction
Quantum point contacts (QPCs) oer the possibility to investigate basic physical properties of matter, in particular in transport experiments [15] . Typically, in a QPC one can change the spatial extension of the current--conducting channel by polarizing lateral gates [1] . Such a conguration resembles that of a eld-eect transistor (FET) with a split-gate electrode. It was shown that QPCs can be used as detectors of THz radiation; this subject, however, has not been intensively studied by now, and currently only a few reports can be found in the literature [68] .
In the present paper, we study a THz response of a QPC fabricated on a CdTe/CdMgTe quantum well. The problem resembles that of a THz response of high electron mobility FETs (see, for example, Ref. [9] ). An experience in investigation a THz response of FETs shows that one of the most important problems is that of coupling of the incident electromagnetic radiation to a two--dimensional electron gas (2DEG) in the transistor channel. In particular, this leads to the necessity of fabrication of special antennas which increase the eciency of the coupling [10] .
Generally, the problem of coupling of electromagnetic waves to a 2DEG electron gas is non-trivial, particularly in samples which show spatial features comparable to or smaller than the wavelength of the incident radiation. These complications result from the diraction which generates (within the sample) a pattern of the electromagnetic eld which is dicult to control. Let us assume that the magnetic eld is perpendicular to the 2DEG plane, as it is in the present experiment. One can distinguish two basic experimental congurations:
the Faraday geometry when the incident electromagnetic wave and the excited plasmon move in parallel to the magnetic eld and the Voigt conguration when these directions are perpendicular. This discrimination is clear in the case of an innite sample without any additional pattern on the surface. However, in reality, the samples are limited in size and additional metallization on the surface is often present which leads to diraction of the incident waves. As a result, the wave which excites plasmons propagates within the sample parallel to the surface (the Voigt geometry) in spite of the fact that the incident wave is perpendicular to the surface (the Faraday geometry). This eect of diraction has been used in the rst investigation of plasmons in 2DEG [11] and ever since then in many experiments. A classical approach to plasma studies consists in investigation of a sample with a metallic grid deposited on the surface. The grid acts as a diraction grating which generates waves propagating parallel to the surface. These waves carry an in-plane momentum acquired in the diraction process which enables their coupling to plasmons in a 2DEG. Thus, plasmons in 2DEG should be described by formula corresponding to the Voigt geometry, in spite of the fact that the experimental conguration from the point of view of the incident wave is the Faraday geometry.
However, there are incident waves which are not scattered and they penetrate the sample in the direction of the magnetic eld. These waves cannot excite plasmons but they can excite a single-particle cyclotron resonance (CR) transition. In the Faraday geometry considered here for a 2DEG, this resonance is not coupled to a collective excitation of 2DEG and is given by the frequency ω c = eB/m * , where e and m * are the electron charge and eective mass, respectively, and B is the magnetic eld.
In the present experiment, the magnetic eld is perpendicular to the 2DEG layer and the incident THz radiation is parallel to the magnetic eld. Taking into account the above considerations, one should expect both the bare CR in the Faraday conguration and magnetoplasmon excitations in the Voigt conguration. In the case of plasma excitation in the Voigt geometry, the resonant response of the system occurs at the frequency [12] :
where ω pj is the frequency of j-th plasmon mode at zero magnetic eld. Since the scattering of incident waves generates a series of harmonics of the fundamental mode, we expect that the wavevectors of the excited plasmons will be k pj = jk p0 , where k p0 is a wave vector of the fundamental mode and j is an integer. The plasmon dispersion (i.e., a dependence of ω pj on the plasmon wave vector k pj ) is given by [12] :
where n s is a 2DEG density and ε an eective dielectric constant of the material.
Samples and experiment
The sample investigated was a QPC formed on a (Fig. 1b) . The signal was recovered with a lock-in technique with the chopping frequency of the THz laser as the reference. All measuremens were done at pumped liquid helium temperature of T = 1.8 K.
Results and discussion
A spectrum of the photocurrent in magnetic eld at THz wavelength of 118.8 µm is shown in Fig. 2 Values of ω pj , calculated from the peak position in the magnetic eld are shown in Fig. 3 as a function of the plasmon mode number, j. This result indicates that the plasmon dispersion relation obeys a square root law, predicted by theory [12] . In order to nd the value of the fundamental plasmonic resonance harmonics wave vec-tor k p0 , experimentally obtained plasmon dispersion relations were tted with a square root function according to Eq. (2). Finally, from k p0 value the plasmon wavelength λ p0 was calculated (see the inset to Fig. 3 ). By analyzing dimensions of the QPC sample it was deduced that λ p0 values corresponds to the sample channel width (see Fig. 1 ). This result means that a lateral spatial connement determines the wave vector of the fundamental magnetoplasmon mode which gives a tool to design THz detectors based on excited plasmons. To look for possible other excitations in the investigated structure, we compared the plasmon energies with energy of shallow donor impurities transitions in CdTe.
The results of comparison are shown in Fig. 4 .
Here the fundamental plasmonic resonance energies are depicted by symbols, the CR energy by a solid line, the shallow impurity transition energy in bulk E 1s→2p + [13] by dashed lines and the E 1s→2p + /4 by dash-dotted lines.
One must take into consideration that we are dealing with a quantum well, and the shallow donor binding energy strongly depends on the donor position in the well.
In an innitely deep and wide (L QW ≫ a B ) well, the binding energy changes from four times the bulk value at the center of the well to a value four times smaller than the bulk value at the well/barrier interface [14] . It is evident that the energy of intra donor transition falls within the range of magnetoplasmon excitations. In the present experiment, however, we have not observed any signature of coupling of these two types of transitions, but such a possibility should be kept in mind in an analysis of experimental data.
Conclusions
In conclusion, we have investigated a photoresponse of a quantum point contact in a magnetic eld at THz frequency. The results were interpreted within a model of the cyclotron resonance and magnetoplasmon excitations. We showed that the wavelength of the plasmon fundamental mode was determined by dimensions of lithographically designed pattern on the sample surface.
